Forty-eight patients with diffuse diabetic macular oedema were treated with perifoveal blue/ green Argon 'grid' laser photocoagulation. Clinical assessment of patients was supported by serial fluorescein angiography. Patients were followed up for one year after treatment, and a two year follow-up was obtained in 29 patients. Statistical analysis showed no significant improvement in distance acuity, but demonstrated clear benefit as regards reading ability.
This paper reports the results of a prospec tive trial of 'grid' photocoagulation for dif fuse diabetic macular oedema carried out over a two year period.
Photocoagulation of focal areas of leakage in eyes with diabetic maculopathy has been reported as beneficial,1,2 Retrospective studies of indirect photocoagulation have shown resorption of oedema but little effect· on visual acuity. 1,3-8 Diffuse macular oedema carries a poor prognosis for vision and one of the main complaints of patients suffering from diffuse macular oedema is poor reading vision. Previous reports of focal or indirect photocoagulation for diabetic maculopathy have concentrated on changes in distance acuity. None has investigated the effects of such treatment on reading vision.
Selection of Patients
Diabetic patients with macular oedema attending out-patient clinics in the West of Scotland were referred, for possible inclusion in the trial, to a special clinic set up by one of us (EMcN). There was no age restriction and patients selected ranged in age from 38 to 76 years (mean 59 years median 58 years). To be included in the trial reading vision in one eye had to be N6 or less and macular oedema alone judged to be the cause of the visual loss. All patients underwent ophthalmos copy, refraction, contact lens biomicroscopy and fluorescein angiography. Patients selected for the trial had diffuse macular oedema as demonstrated by clincial examina tion and by fluorescein angiography. Fluores cein angiography was carried out with the early frames usually concentrated on the poorer eye and delayed frames (Fig 1) recorded from each eye. In cases where both eyes had macular oedema, and in whom the difference in corrected near vision between the two eyes was small, a second angiogram was taken with the early frames recorded from the other eye.
Forty-eight patients were identified as suit- In some patients static perimetric profiles measured at 1800 on the Oculus Tubinger Perimeter were carried out.
Selection of eye to be Treated
Where one eye had NS reading vision or bet ter and the other N6 or worse the poorer eye was selected for treatment (22 cases). Where the two eyes were affected equally (± 1 step on the near vision chart) one eye chosen at random was treated (8 cases). The remaining eyes were affected unequally (2 steps or greater difference on the near vision chart) and while usually the better eye was treated (13 cases) initially a few patients in this cate gory had the poorer eye treated (S cases).
Treatment Schedule
The selected eye was treated with a grid of SO to 100, blue/green Argon photocoagulation applications of 100[.tm spot size applied through a standard Goldmann 3-mirror con tact lens. The lesions were distributed within the major vascular arcades avoiding the avas cular zone. The aim was to produce a lesion just visible to the operator and this was usu ally achieved with an energy level of O.S to 0.7S W for 0.2 s duration. The pattern used is illustrated in Figure 2 .
Follow-up
Patients were, as far as possible, re-examined at 1 week, 1 month, 3 months, 6 months, 1 year and 2 years after treatment. On these occasions best corrected distance and near visions were recorded. Fluorescein angiog raphy was repeated 1 month and 6 months after treatment. Follow-up was incomplete in 2 cases who died 4 and 6 months respectively after treatment.
Statistical Methods and Analysis of Results
Changes in distance acuity and near vision were expressed in arbitrary unit values. For distance vision each line of difference on the Snellen chart was regarded as one unit so that for example a change in acuity from 6/36 to 6/9 was expressed as +4 units (6/36 -6/24 -6/18 -6/12 -6/9). For acuities below 6/60 the following values denoted unit steps: S/60, 4/60, 3/60, 2/60, 1/60, CF, HM.
Changes in near vision were recorded in units using the N values (N4.S, NS, N6, etc) as unit steps. The unit steps of visual acuity are of course of unequal size and for this reason non-parametric tests were used in the statistical analysis to take account of the ordi nal nature of the visual acuity data.
Results
It was important to determine at the outset whether the distance and near acuity of treated and untreated eyes were comparable initially. A comparison of the two groups showed that the mean distance acuity in the two groups was similar at 6/24 and although the range of acuities among the untreated eyes was greater than among those treated there was no statistically significant differ ence (0.2<p<0.5) (Mann-Whitney). Simi larly although the mean near vision for the untreated group was NlO and for the treated N12 the difference was not significant (0.1<p<0.2) (Mann-Whitney).
As the initial acuity might have influenced the subsequent behaviour of the eye the changes in both near and distance vision occurring in the untreated eyes were examined. Overall there was a tendency towards deterioration in the untreated eyes. Changes in near and distance vision were studied separately. For near vision the behaviour of untreated eyes initially seeing N8 or better was compared with that of those seeing NlO or worse. For distance vision the groupings were 6/12 or better and 6/18 or worse. These divisions split the patients as equally as possible. In either case the changes in acuity from the initial values were com pared at each follow-up time. Changes for individual eyes ranged up to 6 units of improvement or deterioration. Statistical comparisons of near and distance vision made with the Mann-Whitney test demonstrated that both groups of eyes behaved similarly with no significant differ ences between groups being demonstrated at any of the follow-up times studied (P ::;;: : 0.56
for distance vision at all times; P ::;;: : 0.18 for near vision at all follow-up times).
In summary, the natural progression of the untreated condition is for slight deterioration of vision, and is similar whether an eye has an initially good or poor vision. This coupled with the modest difference between initial acuities of treated and untreated eyes, indi cates that the untreated eyes can be used with validity as a reference against which to mea sure the results of the photocoagulation treatment.
Near Vision
The behaviour of treated and untreated eyes was compared in five comparisons using three separate statistical methods at each of the five follow-up times.
(1) -Significance of changes in near vision in untreated eyes (by two-tailed sign test) (Table I) . (2) Table V) . The principal results are set out in Tables  I -VI . Firstly the untreated eyes and treated eyes were divided into 3 categories -better, same or worse at each follow-up time irres pective of the magnitude of the changes. Looking at untreated eyes (Table I) it can be seen that although there is a tendency for more eyes to be worse and fewer unchanged at longer follow-up times the differences were not significant at any follow-up time up to two years (P = > 0.2 at all follow-up times). For treated eyes however, there were significant improvements at follow-up times up to and including 6 months (Table II) .
An unpaired comparison between the near vision of treated eyes and the baseline set by the untreated eyes (Table III) revealed sig nificant benefits in near vision in treated eyes at all follow-up times to 1 year. Even at 2 years, the difference in favour of the treated eyes just failed to reach statistical signifi cance. It is worth noting that for treated eyes the results at all follow-up times had a posi. tive value indicating improvement while for untreated eyes the results were appro xi- times to 2 years although the difference between treated and untreated eyes reached statistical significance for the first 4 follow-up periods to 1 year probably because the total numbers having a 2-year follow-up were fairly small. A similar paired comparison between treated and fellow untreated eyes based upon the numbers better, the same or worse is shown in Table V . Once again it is apparent that a significantly greater number of treated eyes were better than the untreated eyes at all follow-up times to 2 years although statistical significance was only achieved for follow-up times to 1 year. Approximately 20 per cent of treated eyes were worse than untreated eyes at all follow up times while the majority of treated eyes (59-75 per cent) were better than the untreated eyes.
As there was a possibility that grid coagu lation in eyes with good vision might adversely affect near vision the results of treatment of eyes with an acuity of N8 or bet ter (17 patients) was looked at. Significant improvement in near vision up to and includ ing 6 months, was noted (Table VI) . To see if the initial level of near acuity influenced the outcome of treatment another grouping of cases was made. Treated and untreated eyes seeing N12 or better initially were compared. There was a significant gain in vision for the treated group at up to 1 year (Table VI) . On the other hand a similar com parison between treated and untreated eyes all initially seeing N14 or worse (Table VI) showed relative improvements for the treated eyes to be restricted to the 1 month and 3 month follow-up times. Plainly after 2 years the numbers remaining in this latter grouping are too few for the analysis to be meaningful. It is interesting to note from Figure 3 that at 6 months after photocoagulation, 72 per cent of treated eyes showed improvement in vision, 14 per cent were unchanged and 14 per cent were worse. For untreated eyes 17 per cent were improved, 66 per cent unchanged and 17 per cent worse.
Distance Acuity
The distance aCUltIes of treated and untreated eyes were SUbjected to the same statistical analyses as the near vision figures. No significant beneficial effect on distance acuity resulted from grid photocoagulation at any of the time intervals studied or for any of the sub-groups of patients analysed, although there was a trend towards slower deteriora tion in treated than untreated eyes. 
Discussion
Recently published studies have shown that grid photocoagulation has a beneficial effect as regards clearing of macular oedema but a very doubtful and sometimes deleterious effect on visual acuity. The present study has confirmed that grid photocoagulation avoid ing the avascular zone has no significant beneficlal effect on distance visual acuity. It did however result in the clearing of macular oedema and a significant improvement in reading vision for periods up to one year. At first sight the results appear paradoxical; but reading ability requires not only visual acuity but parafoveal vision in addition, and it seems likely that although foveal vision did not recover significantly when macular oedema absorbed, parafoveal vision did, thus allowing scanning ability and consequent improvement in reading facility. In some reported studies macular photocoagulation has been brought very close to the fovea and many patients so treated have complained of persistent paracentral scotomas.8,9 This was not the case in the present study where the grid coagulation did not encroach on the avascular zone. The recovery of function in the parafoveal area of the visual field was confirmed in some cases by an improvement in the static perimetric profile close to fixa tion (Fig 4) and in some instances where col our vision had been tested, by an improve ment in the Farnsworth Munsell 100 Hue score (Fig 5) . In this study several points of clinical interest emerged. In two cases when macular oedema improved after treatment, but later recurred, laser grid coagulation applied for a second time again produced improvement. In the first of these, where initial near vision was N12, a three step improvement in near vision to N6 following grid photocoagulation was maintained for 3 months, but this had fallen to NlO at one year. Repeat macular grid photocoagulation produced one more step of improvement giving N8 vision which was maintained for a further year. In the sec ond case a two step improvement in near vision (N6 to N4.5) at 3 months had reverted to N6 by one year. Thereafter a second appli cation of macular grid photocoagulation pro duced one step improvement in near vision to N5 which was maintained for a further 18 months.
Immediately after photocoagulation patients often experienced a temporary wor sening of vision associated with an increase in macular oedema. McDonald and Schatz reported similar findings in 1985. 9 Following this temporary worsening of vision oedema was noted to clear in the majority of cases with a subjective improvement in vision. In cases where near vision was worse one week after treatment it had usually improved by one month after treatment. In only 3 patients was near vision poorer than pre-treatment levels after one month. By 3 months only one case had near vision less good than the pre treatment level. In this latter case deteriora tion from N14 to N36 was recorded after grid coagulation and the situation was not improved by applying a further grid. Eight months later however, disc new vessels developed and pametinal ablation was car ried out. Shortly thereafter near vision improved from N36 to N18. Improved near vision was noted in 2 further patients in whom pametinal ablation became necessary because of proliferative retinopathy. In the first of these near vision had improved from NlO to N6 following macular grid coagulation and further improved to N5 after pametinal ablation. The second patient improved from N8 to N4. 5 after grid photocoagulation and maintained this vision for 6 months. Near vision then fell from N4. 5 to N12 as the need for pametinal ablation became evident. Fol lowing pametinal ablation near vision reco vered to N4. 5 -the level originally achieved after grid coagulation.
It is well known that photocoagulation damages the posterior blood ocular bar rier10-13 and an increase in macular oedema immediately post-laser was not unexpected. Laser photocoagulation in the macular area is a destructive form of therapy and the amount of coagulation required to produce visual benefit without significant paracentral scotoma has still to be determined.
The mechanisms by which laser grid photo coagulation may produce a beneficial effect on macular oedema remain conjectural. ..
F'ig. 5. Diffuse diabetic macular oedema; Farnsworth Munsell lOa Hue Test before treatment (aJ and 6 months after treatment of left eye (bJ. The treated eye shows a significant improvement in colour vision (same patient as Fig 4(') .
Conclusions
The treatment described appears to have clear benefit as regards near vision and read ing ability when this is reduced by diffuse diabetic maculopathy. No significant improvement in distance acuity results from the treatment. Benefits of treatment are most marked during the first year after treatment and the results appear better for eyes with a near vision of N12 or better before treat ment.
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